Abstract: Although the mechanism underlying acute liver failure (ALF) has not been clarified, recent reports indicate overactivation of macrophages is involved in its progression. In diseases in which activated macrophages participate in the progression, elevated serum ferritin concentration counts among the characteristic laboratory findings. If activated macrophages play a key role in the development of ALF, serum ferritin levels might reflect the severity of acute liver injury. To confirm this, we evaluated the correlation between the serum ferritin concentration and other laboratory measurements in patients with acute hepatitis including ALF. One hundred consecutive patients with acute liver injury were enrolled, of whom 19 fulfilled the criteria for ALF. Serum ferritin concentrations correlated with serum alanine transferase activity as a whole. Interestingly, the correlation was strong in patients infected by hepatitis viruses, but weak in others. Although most patients with ALF had high levels of serum ferritin, not a few patients without ALF showed similar results. The serum ferritin level was generally increased in acute hepatitis patients, probably reflecting the degree of macrophage activation in the liver. Overactivation of macrophages appears to be essential, but not sufficient, for the development of ALF.
Introduction
Acute hepatitis is generally a transient, self-limiting disease regardless of the etiology. The severity of the disease is variable, and in some patients it proceeds to a fatal form, acute liver failure (ALF). Once a patient develops ALF, only liver transplantation (LT) is a promising treatment. 1 Despite the poor prognosis, it is still impossible to distinguish patients likely to proceed to ALF from those of self-limiting course at an early stage of the disease because the mechanism underlying ALF has not been clarified.
Recently, several authors have described that the levels of products derived from activated macrophages, such as CD-163 and osteopontine, are increased in the serum from patients with ALF, indicating that overactivation of macrophages in liver might play a key role in the progression of ALF. [2] [3] [4] However, the levels of the reported macrophage-derived materials are difficult to measure in ordinary laboratories.
On the other hand, it has been proven that overactivation of macrophages is crucial for the development of other diseases, including hemophagocytic lymphohistiocytosis (HLH) and macrophage-activation syndrome (MAS). 5, 6 Both involve elevated levels of serum ferritin, which is regarded to be secreted by activated macrophages. 6, 7 If activated macrophages are involved in the progression of ALF, it is expected that serum ferritin concentration would be increased in patients with ALF compared with those with submit your manuscript | www.dovepress.com Dovepress self-limiting acute hepatitis. Furthermore, it is easy to measure serum ferritin concentration in a hospital laboratory.
In the past, several authors have investigated the serum ferritin concentrations of patients with acute hepatitis. [8] [9] [10] [11] [12] [13] However, these studies were mainly focused on iron overload in the liver, and did not investigate a possible relation to activated macrophages. In this study, aiming to evaluate the serum ferritin concentrations in patients with various severities of hepatitis, including ALF, we enrolled consecutive patients who were admitted to our hospital suffering from acute hepatitis regardless of their clinical symptoms such as jaundice, encephalopathy and bleeding tendency. If we could show a significant increase in serum ferritin concentration in patients with ALF, it might support the hypothesis that macrophage activation is an essential step for its progression.
Patients and methods Patients
This study was started on April 2005, and 118 patients suffering from acute hepatitis who were admitted to Kyushu University Hospital before June 2008 were evaluated. In this study, we defined acute hepatitis as an acute liver injury with elevated serum alanine aminotransferase (ALT) activity more than 10 times the normal upper limit (35 U/L). Those proven to have a history of chronic hepatitis (12 patients) and alcohol abuse (4 patients) were excluded from this study. All patients were tested for hepatitis virus A (HAV), hepatitis virus B (HBV), hepatitis virus C (HCV), Epstein-Barr virus, cytomegalovirus, herpes simplex virus, anti-nuclear antibody, immunoglobulins and urine copper concentration, in addition to ordinary laboratory tests. The serum ferritin concentrations were measured by chemiluminescent enzyme immunoassay system using the 7500 Clinical Analyzer (Hitachi High-Technologies Corporation, Tokyo, Japan). When a patient was suspected to be suffering from HLH, lumbar examination was performed. Two patients who fulfilled the criteria of HLH were excluded. Finally, 100 patients were enrolled in this analysis.
The patients consisted of 65 males and 35 females, with ages ranging from 17 to 93 years old. The etiology of liver injury varied: nine with HAV, 31 with HBV, three with HCV, six owing to drugs other than acetaminophen, five with Wilson's disease, three with autoimmune hepatitis, and 43 with indeterminate causes. For patients with undetermined etiology, a serum test for hepatitis E virus was added, which revealed that none was positive.
When we defined ALF as acute hepatitis accompanied by hepatic encephalopathy more than grade 2 and prolonged prothrombin time (PT) international normalized ratio (PT-INR) more than 1.5, 19 fulfilled the criteria at admission.
The onset date of the disease was determined by a careful interview with the patient or family members in cases where the patients had developed encephalopathy. The symptoms at onset of the disease were general fatigue (62 patients), fever (27), jaundice (14), nausea or epigastralgia (12) , appetite loss (7) and common cold-like symptoms (7); in some cases patients showed a mixture of two or three symptoms at onset. None of the enrolled patients fulfilled the criteria of sepsis or disseminated intravascular coagulation at admission.
After admission, plasma exchange was performed when hepatic encephalopathy was greater than grade 2 or prolonged downhill PT activity was observed. During hospitalization, 57 patients underwent plasma exchange.
Among the enrolled patients, five underwent LT and recovered without complications except one who died from liver failure. Of the other 95 patients, 84 survived with conservative treatment and 11 died.
statistical analysis
The baseline characteristics of the patients on admission are shown as means ± standard deviation (SD) for quantitative measurements. The distribution of each quantitative variable was checked using cumulative probability plots. Differences between patients with and without ALF were analyzed by means of a Wilcoxon rank sum test for quantitative variables, and the Fisher exact test for qualitative variables. To confirm their influence on the development of ALF, factors potentially associated with the severity of acute hepatitis were analyzed by univariate logistic analysis against the occurrence of ALF, which was followed by multivariate logistic regression analysis using stepwise variable selection. Factors with a P value  0.10 were removed from the multivariate analysis.
Results
In this study, the whole analysis was performed using only the findings on admission, ignoring the data and clinical courses after hospitalization, because the varied supportive treatment would have modified the immune response in the liver. Therefore, the patients with ALF described below were diagnosed based on the findings at admission, and those who developed ALF during hospitalization were not counted.
The serum ferritin concentrations on admission varied from 45 ng/mL to 876,790 ng/mL, which showed a continuous log-normal distribution ( Figure 1 ). The average submit your manuscript | www.dovepress.com Dovepress for all patients was 23,462.7 ng/mL, and 28 patients (28%) showed levels higher than 10,000 ng/mL.
As the measurements of serum ALT activity also showed a log-normal distribution, we evaluated the correlation between the logarithm serum ferritin levels and serum ALT activity. Although there were not a few exceptions, the serum ferritin concentration correlated with serum ALT activity on the whole. Even when limiting the analysis to patients admitted to our hospital within a week of onset, the correlation was not different from that using all patients (Figure 2) .
By dividing the patients into two groups, patients in which ALF was caused by hepatitis viruses and those with other etiologies, we found a strong correlation between serum ferritin levels and ALT activity in the former, but a weak correlation in the latter (Figure 3) .
Regarding iron metabolism, we examined the serum iron concentration because previous reports referring to serum Dovepress ferritin levels in acute hepatitis patients mainly focused on iron overload. More than half patients (56%) showed normal serum iron concentrations, regardless the elevation of serum ALT activity. Among the others, only four patients had serum iron concentrations more than twice the normal upper limit (male: 200 µg/dL, female: 154 µg/dL). No correlation was found between serum iron concentration and serum ALT activity. On admission, 19 patients fulfilled the criteria for ALF. The differences in the characteristics on admission between patients with and without ALF are shown in Table 1 . Naturally, the ALF group had higher serum ALT activities and serum ferritin concentrations than the others. However, this difference was more distinct for the comparison of serum ferritin concentrations (Figure 4) . Similarly, in evaluating the correlation between PT-INR and serum ALT activity or ferritin concentration, although both serum ferritin level and ALT activity showed negative correlations with PT-INR, the latter was weaker than the former ( Figure 5 ). These results seem to indicate that serum ferritin concentration more strongly influences the development of ALF than serum ALT activity.
To investigate whether laboratory variables, including serum ferritin levels and ALT activities, influence the progression of ALF, logistic analysis was performed using the data obtained on admission (Table 2) . Although several variables, including log(ALT) and log(ferritin), showed a significant influence on ALF development, log(ferritin) had a more significant large odds ratio than other measures. Stepwise multiple regression analysis was performed using variables with p-values  0.1, which revealed that log(ferritin), serum albumin concentration and platelet count were independent prognostic factors ( Table 3) .
Discussion
In this study, we demonstrated that most of our patients with acute hepatitis had hyperferritinemia. We suppose that the increased serum ferritin levels should be mainly derived from activated macrophages in liver, but it is necessary to evaluate the possibility that at least some of the increase is derived from degenerated hepatocytes, as earlier investigators indicated. 11, 12 Our view concerning the origin of the increased ferritin in acute hepatitis is based on the following findings. First, although a positive correlation between serum ferritin concentration and ALT activity was observed, this correlation was not strong. Not a few patients showed high ALT activity and low ferritin concentration simultaneously. If the increased serum ferritin was mainly derived from hepatocytes, such exceptions could not be explained. Second, the serum iron concentration stayed within normal limits in more than half of the patients, and showed no correlation with serum ALT activity. Third, the degree of elevation of serum ferritin was remarkable. Out of the enrolled 100 patients, 28 had serum ferritin concentrations of more than 10,000 ng/mL, and nine had levels over 50,000 ng/mL. Such an extreme elevation of serum ferritin was comparable with data from patients with HLH or MAS, Note: Duration to admission is the number of days from the onset of symptoms to admission. Abbreviations: ALT, alanine aminotransferase; D/T ratio: Direct bilirubin/total bilirubin ratio; LDH, lactate dehydrogenase.
in both of which activated macrophages are involved in the progression. Considering recent reports revealing that most patients with ALF have significantly high levels of macrophage-derived materials in their serum, the increased serum ferritin levels observed in our study are likely to be a product of intrahepatic activated macrophages. [2] [3] [4] However, additional strict examinations are required to confirm the origin of the increased serum ferritin. The comparison between serum ferritin concentration and the other materials derived from activated macrophages, such as soluble CD-163, might be helpful.
We started this study aiming to confirm whether serum ferritin concentrations are significantly increased in patients with ALF, reflecting macrophage activation in liver as well as other macrophage-derived materials. As shown in Table 1 , the serum ferritin concentrations in patients with ALF were significantly higher than those of the others. We also demonstrated that the odds ratio for serum ferritin concentration against ALF occurrence was high compared with other variables using logistic analysis. These results seem to indicate that macrophage overactivation in liver contributes to the progression of ALF. However, from a different point of view, the dot plots revealed that a lot of patients who did not fulfill the ALF criteria had similar serum ferritin levels and ALT activities to those of patients diagnosed as having ALF. Furthermore, most patients with acute hepatitis had hyperferritinemia correlating to the serum levels of ALT, regardless of whether they fulfilled the ALF criteria, which indicates that macrophage activation is a common phenomenon in severe acute hepatitis. Therefore, from our results, we can infer that macrophage activation is indeed an important step for acute hepatitis to become severe, but not a deciding factor in the development of ALF. We should seek additional conditions that determine the progression of ALF.
To approach this problem, we should pay attention to the fact that the correlations between serum ALT activity and serum ferritin concentration were apparently different according to the etiology. We found that the correlation between them was strong in patients with hepatitis caused by hepatitis viruses, while it was weak in the others, which indicates that there are at least two different pathways to developing severe hepatitis. One mainly involves activated macrophages, and the other progresses without macrophage participation. Without considering the pathways separately, it seems impossible to determine the additional factors that finally drive patients with acute hepatitis into ALF.
For the pathway involving macrophage overactivation, we assume that one of the factors contributing to the development of ALF is its duration. In HLH or MAS, the progression is thought to result from patients being unable to control the hyperinflammatory response of the immune system, including natural killer cells, cytotoxic-T cells and macrophages. 5 As these diseases are associated with extreme hyperferritinemia as well as acute severe hepatitis, a similar mechanism might be involved in the progression of ALF. Accepting this hypothesis, a transient hyperinflammatory response would result in self-limiting acute hepatitis, and a prolonged and uncontrolled response would lead to ALF.
On the other hand, in the pathway that progresses without macrophage activation, serum ferritin concentration is expected to remain low level in spite of the elevation of serum ALT activity. We assume that direct hepatotoxic materials such as halothane would be representative causes in this pathway, and the degree of resultant severity would be dose-dependent. There were some patients who showed only slight elevation of serum ferritin concentration whereas they had high ALT activity and prolonged PT even in the group with hepatitis viruses. We speculate that a violent attack of CTL on hepatocytes would have occurred in such cases, which could cause massive liver necrosis without the step of microcirculation disturbance.
In conclusion, we showed a high prevalence of hyperferritinemia in acute hepatitis patients, which indicates that macrophage overactivation would be involved in most patients with the disease. In such a pathway, serum ferritin concentration would strongly correlate with serum ALT activity. The patients who develop ALF had higher serum ferritin concentrations than the others. However, considering that there were patients who did not fulfill the ALF criteria, despite having laboratory examination results similar to those of ALF patients, a transient activation of macrophages in liver seems to be an insufficient condition to develop ALF.
